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SURWHFWLYH SURWHLQ DQWLJHQV IURP *UDPQHJDWLYH EDFWHULD DQG  SURWHFWLYH SURWHLQ DQWLJHQV IURP *UDPSRVLWLYH
EDFWHULD DYDLODEOH LQ WKH PDQXDOO\ FXUDWHG 3URWHJHQ SURWHFWLYH DQWLJHQ GDWDEDVH 2XU VWXG\ IRXQG WKDW  RI
*UDPSURWHFWLYHDQWLJHQVDUHH[WUDFHOOXODURUFHOOZDOOSURWHLQVDQGRISURWHFWLYHDQWLJHQVLQ*UDPEDFWHULD
EHORQJWRH[WUDFHOOXODURURXWHUPHPEUDQHSURWHLQV$SSUR[LPDWHO\DQGSURWHFWLYHDQWLJHQVLQ*UDPDQG
*UDP UHVSHFWLYHO\ DUH DGKHVLQV RU DGKHVLQOLNH SURWHLQV 0DQ\ FRQVHUYHG GRPDLQV PRWLIV VXFK DV
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 ,QWURGXFWLRQ
3URWHFWLYHDQWLJHQVDUHWKRVHDQWLJHQVWDUJHWHGE\WKHSURFHVVRIKRVWDFTXLUHGLPPXQLW\DQGDEOHWR
LQGXFH SURWHFWLRQ LQ WKH KRVW DJDLQVW LQIHFWLRXV DQG QRQLQIHFWLRXV GLVHDVHV 3URWHJHQ LV DZHEEDVHG
GDWDEDVHWKDWFRQWDLQVPRUHWKDQSURWHFWLYHDQWLJHQVPDQXDOO\FXUDWHGIURPSHHUUHYLHZHGMRXUQDO
SXEOLFDWLRQV KWWSZZZYLROLQHWRUJSURWHJHQ >@ 3URWHJHQ LQFOXGHV  SURWHFWLYH SURWHLQ DQWLJHQV
IURP *UDPQHJDWLYH EDFWHULD DQG  SURWHFWLYH SURWHLQ DQWLJHQV IURP *UDPSRVLWLYH EDFWHULD ,W LV
K\SRWKHVL]HG WKDW SURWHFWLYH SURWHLQ DQWLJHQV KDYH HQULFKHG IHDWXUHV WKDW GR QRW W\SLFDOO\ H[LVW LQ
QRQSURWHFWLYHSURWHLQDQWLJHQV
7R WHVW WKLV K\SRWKHVLV WKUHH GLIIHUHQW PHWKRGV KDYH EHHQ XVHG WR V\VWHPDWLFDOO\ DQDO\]H WKHVH
GDWDVHWV 9D[LJQ UHYHUVH YDFFLQRORJ\ &'' FRQVHUYHG GRPDLQ VWXG\ DQG 690 6XSSRUW 9HFWRU
0DFKLQH FODVVLILFDWLRQ 7KHZHEEDVHG 9D[LJQ YDFFLQH GHVLJQ WRRO KWWSZZZYLROLQHWRUJYD[LJQ




GRPDLQV IURP XQNQRZQ SURWHLQ VHTXHQFHV 7KH 352)($7 ZHE V\VWHP FRPSXWHV VWUXFWXUDO DQG
SK\VLFRFKHPLFDOIHDWXUHVRISURWHLQVIURPDPLQRDFLGVHTXHQFHV>@7KHVHIHDWXUHVDOORZIRUSUHGLFWLQJ
SURWHLQVRIYDULRXVSURSHUWLHVXVLQJPDFKLQH OHDUQLQJPHWKRGV7KHZHEEDVHG WRRO*LVW690FDQ EH
WUDLQHG WR OHDUQ IURP WZR JLYHQ FODVVHV RI GDWD DQGEDVHG RQ WKH UHVXOWV PDNH SUHGLFWLRQV DERXW DQ
XQODEHOHGWHVWLQJVHW>@'DWDJHQHUDWHGIURP352)($7FDQEHIHGLQWR*LVWGLUHFWO\IRUSUHGLFWLRQ
,Q WKLV UHSRUW ZH LQWURGXFH RXU DSSOLFDWLRQ RI WKHVH WKUHH PHWKRGV LQ LGHQWLILFDWLRQ RI VSHFLILF
HQULFKHGSDWWHUQVLQEDFWHULDOSURWHFWLYHDQWLJHQVDQGVHTXHQFHEDVHGSUHGLFWLRQRISURWHFWLYHDQWLJHQV
 0HWKRGV




DQDO\]HV WKH IROORZLQJ FULWHULD  3UHGLFWLRQ RI VXEFHOOXODU ORFDOL]DWLRQ  7UDQVPHPEUDQH KHOL[
SUHGLFWLRQ&DOFXODWLRQRIDGKHVLQSUREDELOLW\3URWHLQFRQVHUYDWLRQDPRQJGLIIHUHQWJHQRPHV
([FOXVLRQ RI VHTXHQFHV SUHVHQW LQ QRQSDWKRJHQLF VWUDLQV  &RPSDULVRQ RI VHTXHQFH VLPLODULW\
EHWZHHQSUHGLFWHGSURWHLQVDQGKRVWKXPDQDQGRUPRXVHSURWHRPH3UHGLFWLRQRI0+&FODVV,DQG
FODVV,,ELQGLQJHSLWRSHV 3URWHLQIXQFWLRQDODQDO\VLV>@ ,QWKLVVWXG\RXUDQDO\VHVDUHIRFXVHGRQ





690 &ODVVLILFDWLRQ 7KH  SURWHFWLYH SURWHLQ DQWLJHQV IURP *UDPQHJDWLYH EDFWHULD LQ 3URWHJHQ
GDWDEDVHZHUH H[WUDFWHG DV SRVLWLYH WUDLQLQJ VHW DQG  SURWHLQV IURP *UDPQHJDWLYH EDFWHULDZHUH
UDQGRPO\ VHOHFWHG DV WKH QHJDWLYH WUDLQLQJ VHW NQRZQ SURWHFWLYH SURWHLQV H[FOXGHG 7R HYDOXDWH RXU
SUHGLFWLRQ D ILYHIROG FURVV YDOLGDWLRQZDV SHUIRUPHG 6SHFLILFDOO\ WKH  SRVLWLYH VHWZHUH GLYLGHG
LQWRILYHVHWVZLWKSURWHLQVLQHDFK(DFKWLPHSURWHLQVZHUHXVHGDVWKHWHVWLQJVHWDQGWKHUHVW
SURWHLQVFRPELQHGZLWKWKHSURWHLQVZHUHXVHGDVWKHWUDLQLQJVHW7KH352)($7ZHEVHUYHU
ZDV DOVR XVHG WR FDOFXODWH SK\VLFRFKHPLFDO RI WKH SURWHLQV LQ ERWK VHWV 6HYHQ IHDWXUH JURXSV ZHUH
VHOHFWHG IRU 352)($7  $PLQR DFLG GLSHSWLGH FRPSRVLWLRQ   1RUPDOL]HG 0RUHDX%URWR
DXWRFRUUHODWLRQ  0RUDQ DXWRFRUUHODWLRQ  *HDU\ DXWRFRUUHODWLRQ  &RPSRVLWLRQ WUDQVLWLRQ
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GLVWULEXWLRQ  6HTXHQFH RUGHU  3VHXGR DPLQR DFLG FRPSRVLWLRQ ODPGD    )RU HDFK SURWHLQ
VHTXHQFH D WRWDO RI  SK\VLFRFKHPLFDO IHDWXUHV ZHUH FDOFXODWHG $OO WKH FDOFXODWHG YDOXHV ZHUH
UHWULHYHGXVLQJ*LVW690LQSXWIRUPDW1H[W WKH*LVW690ZHEVHUYHUZDVXVHGWRGR690WUDLQLQJ







7KH  SURWHFWLYH SURWHLQ DQWLJHQV IURP*UDPQHJDWLYH *UDP EDFWHULD DQG  SURWHFWLYH SURWHLQ
DQWLJHQV IURP*UDPSRVLWLYH *UDP EDFWHULD LQ 3URWHJHQ GDWDEDVHZHUH VXEPLWWHG WR9D[LJQ TXHU\
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SURWHLQV 7KHUHIRUH LQ WRWDORI*UDP SURWHFWLYHDQWLJHQVDUHH[WUDFHOOXODURU FHOOZDOO SURWHLQV
7KHVLJQLILFDQFHRIWKLVUHVXOWFDQEHUHIOHFWHGE\FRPSDULQJWKHSURSRUWLRQVRIDOOSURWHLQVLQGLIIHUHQW
ORFDWLRQVIRUDSDUWLFXODUEDFWHULXP HJ 6WUHSWRFRFFXVSQHXPRQLDVWUDLQ,QVWUDLQRQO\
 RXW RI   RI SURWHLQVDUH SUHGLFWHG WR EH H[WUDFHOOXODU RU VHFUHWHG DQG RQO\ 
SURWHLQVDUHFHOOZDOOSURWHLQV,QWRWDORISURWHLQVLQWKHJHQRPHRI 6SQHXPRQLDVWUDLQDUH
H[WUDFHOOXODU RU FHOO ZDOO SURWHLQV 6HYHQ SURWHFWLYH DQWLJHQV DUH F\WRSODVPLF SURWHLQV DQG VHYHQ DUH
F\WRSODVPLF PHPEUDQH SURWHLQV &RQVLGHULQJ PXFK PRUH F\WRSODVPLF PHPEUDQH SURWHLQV H[LVW WKDQ
F\WRSODVPLFSURWHLQVWKHFKDQFHRIKDYLQJDF\WRSODVPLFPHPEUDQHSURWHLQEHLQJDSURWHFWLYHDQWLJHQLV
PXFKKLJKHU WKDQDF\WRSODVPLFSURWHLQ6LPLODUREVHUYDWLRQVDUHIRXQGLQRWKHU*UDPEDFWHULDGDWD




DUH RXWHU PHPEUDQH SURWHLQV 7KHUHIRUH  RI SURWHFWLYH DQWLJHQV LQ *UDP EDFWHULD EHORQJ WR
H[WUDFHOOXODU RU RXWHUPHPEUDQHSURWHLQV$V FRPSDULVRQ LQ*UDP %UXFHOODDERUWXV VWUDLQ  
 DQG   SURWHLQV DUH H[WUDFHOOXODU DQG RXWHUPHPEUDQH SURWHLQV UHVSHFWLYHO\ 7KHUHIRUH
FRPSDUHG WR SURWHLQV LQ RWKHU VXEFHOOXODU ORFDOL]DWLRQV H[WUDFHOOXODU DQG RXWHU PHPEUDQH SURWHLQV LQ
*UDPEDFWHULDDUHPRUHOLNHO\WRLQGXFHSURWHFWLYHLPPXQHUHVSRQVHV,QWHUHVWLQJO\PDQ\SHULSODVPLF
SURWHLQV   RI  DUH SURWHFWLYH DQWLJHQV ZKLFK LV VLJQLILFDQW FRPSDUHG WR  RI WRWDO
SURWHLQVEHLQJSHULSODVPLFLQ %DERUWXVVWUDLQ
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  
$VVKRZQ LQ7DEOH  DSSUR[LPDWHO\ RI SURWHFWLYH DQWLJHQV LQ*UDPQHJDWLYH EDFWHULD DUH OLNHO\
DGKHVLQVDQGDSSUR[LPDWHO\RISURWHFWLYHDQWLJHQVLQ*UDPSRVLWLYHEDFWHULDDUHDGKHVLQV8VXDOO\
WKHSHUFHQWDJHRIDGKHVLQVLQEDFWHULDLVOHVVWKDQ)RUH[DPSOHLQ*UDPQHJDWLYH %DERUWXVVWUDLQ
 RQO\  RXW RI  SURWHLQV  DUH SUHGLFWHG WR EH DGKHVLQV SUREDELOLW\   ,Q
*UDPSRVLWLYH 6WUHSWRFRFFXVSQHXPRQLDVWUDLQRXWRISURWHLQVRQO\SURWHLQVDUH
SUHGLFWHG WR EH DGKHVLQV 7KHUHIRUH RXU DQDO\VLV UHVXOWV LQGLFDWH WKDW DGKHVLQV DUHPRUH OLNHO\ WR EH


































7KH FRQVHUYHG GRPDLQ RI $XWRWUDQVSRUWRU LV SUHVHQW LQ  SURWHFWLYH DQWLJHQV ,Q *UDP EDFWHULD
DXWRWUDQVSRUWHU VHFUHWLRQ SDWKZD\ LV WKH 7\SH 9 VHFUHWLRQ SDWKZD\ DPRQJ VHYHQ NQRZQ W\SHV 7KH
&WHUPLQDO WUDQVORFDWRU GRPDLQ SRUWLRQ RI WKH WUDQVODWHG SURWHLQ XQGHUJRHV SRVWWUDQVODWLRQDO
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PRGLILFDWLRQSULRU WR VHFUHWLRQRI D SDVVHQJHU GRPDLQ+HQFHSURWHLQV VHFUHWHG LQ WKLVZD\ DUH FDOOHG





JHQHV ,Q (VFKHULFKLDFROL7RQ%SURWHLQ LQWHUDFWVZLWKRXWHUPHPEUDQHUHFHSWRUSURWHLQVWKDW WUDQVIHU
KLJKDIILQLW\ELQGLQJDQGHQHUJ\GHSHQGHQWXSWDNHRIVSHFLILFVXEVWUDWHVLQWRWKHSHULSODVPLFVSDFH2XU
SUHYLRXV 9D[LJQ VWXG\ SUHGLFWHG VHYHUDO 7RQ%DVVRFLDWHG SURWHLQV LQ XURSDWKHJHQLF ( FROL EHLQJ




$ 6XSSRUW 9HFWRU 0DFKLQH 690 LV D VXSHUYLVHG PDFKLQH OHDUQLQJ PHWKRG ZKLFK UHFRJQL]HV
SDWWHUQVE\ DQDO\]LQJ WUDLQLQJGDWD$IWHU WUDLQLQJ WKLVPHWKRGFDQ WKHQEHXVHG IRU FODVVLILFDWLRQRU
UHJUHVVLRQ 690 KDV EHHQ ZLGHO\ XVHG LQ GLIIHUHQW UHVHDUFK DUHDV LQFOXGLQJ ELRLQIRUPDWLFV >@ 2QH
H[DPSOHLV690FDQEHXVHGWRSUHGLFWWUDQVPHPEUDQHSURWHLQWRSRORJ\>@
7KH*LVW LV VHW RI 690 UHODWHG WRROV IRU VXSSRUW YHFWRU PDFKLQHFODVVLILFDWLRQZULWWHQ E\:LOOLDP
6WDIIRUG1REOH8QLYHUVLW\RI:DVKLQJWRQDQGE\3DXO3DYOLGLV8QLYHUVLW\RI%ULWLVK&ROXPELD*LVW
DOVR KDV DQ RQOLQH YHUVLRQ DW KWWSZZZFKLELXEFFDFJLELQQSK690VXEPLWFJL ,Q WKLV VWXG\




5RXQG 5RXQG 5RXQG 5RXQG 5RXQG $YHUDJH
7UXHSRVLWLYHUDWH      
)DOVHSRVLWLYHUDWH      
2YHUDOO D  RI WUXH SRVLWLYH UDWH ZDV DFKLHYHG IURP WKLV ILYHIROG FURVV YDOLGDWLRQ 7DEOH 
7KHUHIRUH RXU 690 FODVVLILFDWLRQ PHWKRG FDQ VXFFHVVIXOO\ SUHGLFW WUXH SRVLWLYH SURWHFWLYH DQWLJHQV
+RZHYHUWKHWUXHQHJDWLYHUDWHDQGIDOVHQHJDWLYHUDWHDUHERWKDSSUR[LPDWHO\LQGLFDWLQJWKDWRXU
DVVD\FRXOGQRWVXFFHVVIXOO\GLIIHUHQWLDWHWUXHQHJDWLYHIURPIDOVHQHJDWLYHUHVXOWV
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 &RQFOXVLRQDQG'LVFXVVLRQ
7KH UHVHDUFK ILQGLQJV IURP WKLVVWXG\DUH VLJQLILFDQW DQGQRYHO ,WKDV ORQJSURSRVHG WKDW VHFUHWHG
EDFWHULDOSURWHLQVDQGRXWHUPHPEUDQHRU FHOOZDOOSURWHLQVDUHEHWWHU YDFFLQHWDUJHWV+RZHYHURXU
VWXG\SURYLGHV WKHILUVWHYLGHQFH WRVXSSRUW WKLV VWDWHPHQW DW D V\VWHPDWLF DQG FURVVEDFWHULD OHYHO ,Q
*UDPEDFWHULD RISURWHFWLYHDQWLJHQVDUHH[WUDFHOOXODU RU FHOOZDOO SURWHLQV ,Q*UDP EDFWHULD




EORFNDJH RI DGKHVLQ DFWLYLWLHV UHSUHVHQWV D IHDVLEOH VWUDWHJ\ IRU UDWLRQDO YDFFLQH GHVLJQ 2XU VWXG\
LGHQWLILHGDQXPEHURIFRQVHUYHGGRPDLQVPRWLIVSUHVHQWLQPDQ\SURWHFWLYHDQWLJHQV7KLVSURYLGHVXV
D ZD\ WR SXUSRVHO\ VHDUFK IRU WKHVH GRPDLQV GXULQJ RXU UDWLRQDO YDFFLQH GHVLJQ )RU H[DPSOH WKH
$XWRWUDQVSRUWHU DQG 7RQ% GRPDLQV KDYH EHHQ ZHOO VWXGLHG LQ EDFWHULDO SDWKRJHQHVLV 0DQ\
DXWRWUDQVSRUWHUV DQG 7RQ%DVVRFLDWHG SURWHLQV KDYH EHHQ IRXQG WR EH YLUXOHQFH IDFWRUV 2XU DQDO\VLV




$OO WKH PDQXDOO\ FXUDWHG EDFWHULDO SURWHFWLYH DQWLJHQV ZHUH V\VWHPDWLFDOO\ VWXGLHG XVLQJ WKUHH
ELRLQIRUPDWLFVPHWKRGV (DFKPHWKRG KDV JHQHUDWHG UHDVRQDEOH UHVXOWV %DVHG RQ9D[LJQ SUHGLFWLRQ
PRVWSURWHFWLYHDQWLJHQV IURP*UDP EDFWHULD DUHRXWHUPHPEUDQHSURWHLQV H[WUDFHOOXODUSURWHLQVRU
XQNQRZQSURWHLQVDQGPRVWSURWHFWLYHDQWLJHQVIURP*UDPEDFWHULDDUHH[WUDFHOOXODUSURWHLQVDQGFHOO
ZDOOSURWHLQV$SSUR[LPDWHO\RISURWHFWLYHDQWLJHQVDUHDGKHVLRQDGKHVLQOLNHSURWHLQV2XU&''
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